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tf^Sj- oj-g-^V 7]^ 31 ZL 42, ^-Br &± ^-^gj. 

#^ 7>^?fl H^A] f^nVo] H| *) Sj- ^ojjT. 

71^ 4l7>^ ^ Oj-^Aj ^ ifl^^ ^Aj-A]^]^ 

£ 4 
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7)<* ±z\ ^ zl ^^{PHASE-CHANGEABLE MEMORY DEVICE STRUCTURE AND METHOD 

FOR FABRICATING THE SAME} 

£ 2^ ^°\) tcf^ ^ ^ ^_£ofl 4^ ^ ^-B-^V^ GST (Ge-Sb-Te-N) 

£ 3^ -f-^<y Ge-Sb-Te ^ ^<H] Hi ^-fr^ Ge-Sb-Te^ 
* 1*13 (annealing) ^r£<^l ^^^^ H^tt ziefl^olcf . 

-£ 4^ <Q <^l^i 500 °C <1*1^ ^ GST^I ^ #Efl * ^ t^o]l rcf^ 7 %q\ 

£± Q±^r t^sfr GSTS] ^ ^» H^^r ^p)^ a>^1 (TEM)ojcf. 

51 7^ 51 5^ 7>^ ^^-tb #^3- 71^ 7flef^ 51*1 *Kr <^51°1 
51 8^ 51 7^11 tfl-§-*Rr -§-7}2}5.:£o)t}-. 

£ 9a vfl^l £ 9h^r £ 7^ tfigsj. 7] <^ i7}t *1]2:*Rr ^^§1-7} ^ *V ^ £ 
*H ^ ^-S- ^ ^HH^l 7 ]^.oj ^-^i-i-olcf. 
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5. 10a £ lOb^r £ 53] 7}*£ ^-g-tb #^3- ^12:^ 

H 12^ ^#3% i7} ^ -§-^3^ 7)<>\ ±7} 2) ip^ Hi 7<\ %V ^ 

£ 13£- «H^°J 7}<$ -f-^ofl n}^ 7 S^EO} ^ ^^1- i^Kr §^ 

£ 14tt ^-#3*1 A o v ^5l- 7l<^ 4i7> ^ 7 ^ ^if 5L^-*Rr 

T^l^Rr -g- 7 )<q ^x}6)}/<] <g^s) #Jf.o) A 0 V^g). ^-^nVojl ^ 

(X-ray) #^(XRD) cfl o) 1- Jio^^ ZLSfl^olc)-. 
*5Lt^ ^ofl cfl*l ^12] ^tg 

101 : tiVS^ll 71^; 103 : £.7.} ^ 
105 : 7)}°}^ 107a : I=efl<y <3<3 

107b : i^-^i 109 : 

111 : 113a : ^ afl^d 

113b : ^ 115 : ^<£<4 

119 : *11 1 ^ 121 : tftgSj- 
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123 : *H 2 ^ 125 : Q<&^ 
127 : 129 : ^ tiflAi 

^M]*l ^xg] 

<24> ^ oV £ ^ ^ofl ^ ^O.^, ^MI^Ml^ ^^j- 7]^ i7} 

^ 7)^ i7> ^ 7}<^^}S. M-ip^ ^ ^ ^Cf. ^7>#o] tflS.3Sl 

i^t°14. ^ 3^3^ 7l^ i*}*^ t^J-s} -H-^-oi] nfej- ^sl »0" 2L^r 

"1"* M-E]-^ 0.31*1 7]^ i7VS^ ^ 7l^# *Vt}. 
<26> ^«V^ 7 )<* ^7>0] t}^, ^71^0] SlHefl^l ^-^-Ol ^ Tl^^ol 

14^1 , ^ 4l7]-^ ^ T^Al^l- #7>A]7l7l ^ *fl ^^#0] A] £5] JO. 

AlE-1 ^7}±r cjig ^7>1- ol^Tfl . 

<27> $g °J #2114=) 71^ 71^1 ^#51 TflolH ^-fMl 

-fr^l^ ^ ^cHTilolHS. TflolH Bj]^^- ^V-cj. J^Hfl-) 7 ]oj ^ofl dlojEil- 7] 
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^ ^-Hfl7> i£*Kr ^-^sf #^^r Af-g-^-cf. ^-#3 0.3. Aj-^ -^j^ 7ll = p>^-(Ge), ^Bja] 
^-(stibium; Sb) ^ W^-S-Uellurium; Te)S>-3. 5j-^( G ST HL^ Ge-Sb-Te)^: 

Sl-M 371 * ^ Al^-ofl ^^§H GST^ ^ ^-Efl7> ^^tf. ^ o)-e}^ 

<29> GSTofl ^--g- a7l^ ^Al^V o]7|-*H (7^J- 7>^) #£3}- ^ -g- 

•S-^ ^ (<* 610 °C) 7>*1 ^Oljl u).^ ^4-i5) ^ (Ot lns ^n]-) A ] 7l ^ <go. «>0. GST «. 
£-Ol ^>Efl^ ^Cf (SHIS ^-Efl). ti}^, -tfcfl3-°5. ^ 3.71^ Xjfj- 7_V 

*17}-*H (7^%V 7 >^) GST^ l^g- -g~g- ^SLJiLtf ^ ^Sj- -&-E(<^ 450°C)S. -R-*l*}<^ ^ 
SH^l * ^^M?]^ <g-g; GST ^g-£r ^ ^7} ^Cf (^E tftfl). 

<30> tb^ #^<a W #3" u o^^-S. ^£)^r GST^r zl ZLeflo](grain) S7l7> ^ 

^^^71 nfl^ofl (ot xQOnm ^1^-, ^^^^.5. ^J-Bfl^. ^^$7} nfl^-ofl), tilT^^Vol nfl-f 

^ Mmtfl, 2m ^ cm GST1 . h]^^ Aj-Efl (e^^]E A>Bfl) S. $.&A)7)7} ^ 

«fl^i^ ^ <! 610°C ^A^l-cf. ^, Hl^^ ^-bUs £l7l ^sfl ^js.t!r <S^- ^-^ 
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Si z\#<& ^IMr ^tflfil 71 ^ ^ofl 3Ht}. ofl^tfl, 1mA aL7lS) 

^ €fr ^ 50ns ^ ^7}^- ^ GSTS] Hl^^-o] °J= 2m£cm ^SLsL nfl-° ^ 7 ] ^ 

-g-afl, ^£7> 14rc GST* ^EflS. ^ ^7> &7fl ^Cf. 

<3i> a^j. 7l q} a_V^-^<y 7] <y (WRITING) -§-*Hl cfl^H^ ^ -n-*l*Kr -f^rtr 

ifl^ (endurance) ^H§# 7>x]^ ^o] ^_aj5}r4. ^, tiV^ajo] 7 joi o.^. *ltr t 
(thermal budget) 0 !] ^oH^ ^H^>, *l#^<y Jf#o_S GST^l ^ 

^£7]- #4i*}7fl olcfl uj-e}. (READING) **HH 

&*\]%o) ^M^t*. ^, ;goj- o]7M GST^ ^ ^-Efl7> £«H d ^^-ol 

<32> nJ-BM £ olA^ofl^ o^*v S-^-fr ^f>}7] 3)0% oV#^ 3°-3>l, ^ 3.7} 

^ ^-ff- lil 7]$ 7>^*T ^"^Sl- 7l^ i4 ^ ~L ^ h o V^^. *fl^Kr dl ZL -ij-^ 

<33> 1^0] ^ -E-^, oj-^^ol ^<H\+ 413^ #£Sj- 

71^ i4 ^ ^ «o^# ^SRr 

<34> Aj. 7 j t^o] -H-^S-g- ^s>7l $)is}<x\, ^rgc. ^eflo] H7l7> Al-^s}. # 

*rfe ^"^^ °r^r *r£r 371 lOOnm °l*r)^ n?l|«ytS 0]-^^^] tjog^ ^Efl-I- 14 
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=L 371 *fl-g-°fl 7)<y ^Sfl #EflS 

<35> Cf^^ ^-Efl ^ ^ £ ^^Sj. ^ °\) 

A 1 ^€ ^ ^l^ltfl, i-SLi 7}iS^ 7}i «J 2^31 

# A>-g-§>zL ^(carrier) 7}il^ 7}i?] oj-s-s 7}^ ^}^}^r i^e^ 

^■g-W. f^TT ##3- ^ H7l«2] ZLefl<y# 7Wb Cf^^ Aj-Bfl^ t^iflfe 

^£ S^HH ^^o] ^l^^cf. ofl^tfl, 2f 100 vfl^l ef 350 ^£ ^3HH 

<36> ^-^^l sj-^-l-s Ge-Sb-Te, As-Sb-Te, As-Ge-Sb-Te, Sn-Sb-Te, In-Sn-Sb-Te, 

Ag-In-Sb-Te, 5A^ ^4i-Sb-Te, 6A^ ^ih-Sb-Te, 5A^ €^-Sb-Se, 6A^ ^4i-Sb-Se ^-<=>] 9X 

Ge-Sb-Te-N, As-Sb-Te-N, As-Ge-Sb-Te-N , Sn-Sb-Te-N, In-Sn-Sb-Te-N, Ag-In-Sb-Te-N, 5A^ Q 
i-Sb-Te-N, 6A^ ^-Sb-Te-N, 5A^ €£.-Sb-Se-N, 6A^ ^4i-Sb-Se-N ^ <^2= ^KM^f. 
#^*>7fl #7) ^ %■ tfl*fl>M °-} 0.25 tfl*l 25 %S. 

<37> ^-^l^^S. #7] ^S>7l ^. 7ls q. ^.o. # ^o. ^ 

7)<* £ ^«fl W"^ A o V ^5}- 71^ i^, #^51- 

>HS. ^ii^ 4> 7 ) -.^nV ifl^ol) ^71 ^1^>^ *fl l ^ ^ ^ 
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2 Stftb*}. #7l #^s}- #^5V 2)1 eh ^- ^ ^^1- 5L^-*>cf. #7l #£3- #^ XI 

oFr ^ 371 S] nefl 0 J# 7]-^^ ^-Efll- M-E^cf. 

<38> #71 XI 1 3^- ^ Xl 2 3^8: ^i ^-*Rr 5L## fli ^-*> 

ol^-<>|^l Hf-oflAi A]EB5l 0]± sl-uj- o|S.o^ 2:^<H ^ OjCf. #7l ^"fr 

*}$r S.&q #^^r ^^^(TiN), ^s^ihg-CTaN), ^s|-#el «.^(MoN) , ^sH-£.#(NbN) , 
^^^^El-^-(TiSiN), ^sH^f-^l^fKTiAlN), ^^^B)Et(TiBN), ^sj-^e) ^1 = s^- 
(ZrSiN), iJsHJ el €-^3!(WSiN), ^^^^ i€(WBN) , ^^-^^1^1 =^(ZrAlN) , 
^5l^#el.a ^l(MoSiN), ^^-^r^l^-#e| £L ^l(MoAlN) , ^S)-^Bl^-^.^-#(TaSiN) , ^sj-^ol 
^-^twCTaAlN), ^^Vsj-El^diON), ^StebSj-SHM^-El ^(TiAlON) , ^3^3}-^3!(W0N) , 
^^S)-^-l-f-(TaON) ^ ^VM-olcf. Eli ^it U-^-^l-^r MS.*}, Heroin 

(graphite)^ ^ 7}^-°l ^cf. 

<39> #£3*- 7l^ 4i_£i _E.efl^] ^ XMB ^o_s. H^B 

^liEi, #71 JELefl*] ^<*ofl ^7l^O.S ^ Hfl^, #71 XI 1 ^ *fl 2 ^ 

*}*4^ £^MI ^ «fl>9-§: d ^f-*Vcf. olnfl, #71 XI 1 ^ ^ XI 2 

^ ^ 4^ ST>M-S1 ^ Aj- 7 ] Aj-ti. ^ yfl^ofl c^S}^ #71 

<40> E£^^]^ E ^ ^-^gj. ^ (#^5|- 1-^^- sflBl)# *#5M7l^r i^^l 7]^-g- 

*>^, wfl^H ^ tifl^oll £<&o] <£7}S\o] 7}<£ SE^r -§-*M ol^.ol^]cf. 

<41> A o >a. hu^o^ ^ >7l ^ 1 ^ ^ufoj ^zx^ 3#*H 
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<42> # 7 ) S.^^ ^*>7l £ ^-8: ^oM ^ 

<43> <U ^"Efloll rrfs^ Aj-^ 7]^ ^7} tij-c^ 7 j^- Aj-ofl 4 1 

<44> #7] ^5)- #^nV ^.^^ 7}^^ i^E^ ^ 

^^H, ^fl^M, ^ 100 ^x] ^ 350 "C^l ^JE ^€ 91^. 

*1 ^ 0.25 tfl^] 25 % ^^-€4. 

<46> M. Uf^ ^VEflofl rc^ig, 7)0} ^> ^ « 0 >^^, ^o^-o. ^L W ]^ 

<£5E*fl 71 afl^Hz- #31 4, ^"71 H<£™\ ^°\) ay* ^ 7x y *g ^ ^ 

^"71 #^^V ^o^-fr 1 ig-Tll^, A oM ^ 1 5 

*ll 2 ^i^-a- *>Bfl5. ^*Rr #7fl<2}-, ^>7l -#£3}- sfl^ ^ # 7 1 *|] 2 ^J£^- 

^•71 *}^- *|<£0V ^-o)l ^ tg^*^ cj-^^. JC^t}-. 

<47> ^"71 t^HHH, 4V7I ^s\- ^ ^ 2 €^ ^VeflS. *g^*Rr ^Tll^r, ^ 

*fl 1 ^ ^7l ^<gHV ^V^l aVeH# M-Hl-Ml^ ^ 

^ ^^*>^ ^^1^, ^"71 ^S\- ^Hl ^1 2 ^^1^, 4>7l 
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31 1 ^7l^O.S. A o V 7l *j| 2 ^-7] #£3* 4 31 5. 3flEi 

#7l #tHH, #7l #?> *|<34* ^l*Hr a_VH^ 7lJ&-i- afl^Kr #3m, #7l «V 
71^1 <^<*, ^.eflo] <g<* ^ Tflols ^.03. B^l^NS ^#*Rr # 

314, #7l H^^liE^l- g5U=- #7l #£31 7lt #°fl #71 #?> ^^4* 3^*^ #314, 
A oM ^# ^^4# *fl^SH #71 ili ^ =eflo] 7] ^ 711^1- ^ 

#314, #71 7fl^-<*fl 5E.*iM* *fl$] 2J-2J- #71 dLS.^ ^ =eflo] cg^ofl ^7]^ 

^*Rr 3fl= ^ *}^- «ti^-g- ^#*Hr #311- i^-^H ^l^^lJi, #71 1 # 

^ #71 Sfl^ofl ^7)21 O.S. ^4=^4. 

<£ ^lc|6| SH*!, #71 ^^r, #71 #^-^^ol ^ 

4* ^#5* #314, ^#5}- ^1^* * yfl^d $^*Hr #314, #71 

^ A d *I)e^*H #7l #-f-^q-^l ^7i^ o.s 3^*Hr #^f afl-a-g- ^*Rr #311- 

4€- &<>H, #71 #^^r, #71 #^ ^^4# ^E^^M #71 #^f 

Ic^l^fe 7fl^» ^*Rr #314, #71 7fl^» ^-ffe #BiZL# 

<8-S*Hr #314, #71 #-?- ^# ^<34 ^ #<H1 afl^i *8>S*Hr #31 

4, #71 tifl^d #^-8: ^Ei^sH #7l €^^1 ^7l^^.s. ^*Kr #Jf wfl^i^- 

^*Rf #31« d] i^t!-4. 

^ £ 4€- #Eflofl ##s}- 71^ 4i4 ^ HJ-U^-, #£31 7lJ& #<H1 

1 ^*Rr #314, #71 1 ^q-ofl ^7l^O.S. 3^T*Hr 4^ #Bfl^ #£5} 



58-12 



1020030011416 #^ <a*V: 2003/10/21 

Til ^S] AV^-o] ^-g-^ - o^^s. ^Jolcf. £^#ofl olo^ 

#(^^ ^-)o] Cf-E #(HL-^ 5|) Hl^r 7l^r "4 V "^1 ^^^cfJL) ^sH^ 3 

-r-°)l e>) iE^r 71^: 4H1 ^ ^€ ^ £H ^s. A^olofl ^ 3 o] 

f^°l 7fl7fl^ t£ 5a^. ^^^1 %V S ^^s.^ ^j^S-g. 

<53> Aj-^Jj). 7l <^ £ lo1 l 5^5} ^ ^o], cfA]^ ^.o. ^^dl o]*fl 

#3) (^g- Hl^^-Sl #Efl)<2]- Aj-tfl*} O.^ 7jAl^]-o| ^-o. ^s. o)«fl 

^S)^- ^Efl(^ ^IB. ^-Efl)^ ZL ^ #*fl7> &f>}^ ^&°] 

^ 7>^) 0>^ ^ Aj# (Tl)ofl ^Z^lg Aj-t^ ^Bjvg. sjcj. 

® #^). #^<>1 ZL^^ -g-g- ^£ (Tm)Ji^ -&£(Tc)ic} 

^£5. 7><M£]ol ^^ofl o]*}. ^* o V T1 ^cf 7J Al^> (T2) ^ ^ 
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£)*r €-ff €^ 371 # ^Al7)7l ^*1H 7,]^-o) ^ 7 }Q -g-^o. A>-g-*!:Cf. £fr ^ 

ef lOOnm °l*><2l zz.3l<y(grain)«. ol=Lo^ t};^ ^ Aj-i^ #^5V-g- afl^t}. cf^^ 

Aj-Hflo] Aj-^s^ #^SV Af-g-oj] 14s £ x^s AV^g}. ^-^nV - ^ Aj-lgsj. 

nV^o} ^ctfcg ^aJ- 71S17> ^7>£l7l Dfl^ Aj-^g). ^» ^ 

. <«tfl, *3 Aj-^5). Aj-a-cHl ^5]^ ^^7> 

<55> ^ol 2^}^ A^sJ- ^± i^^r4. ^ €^TT 4^ ^-^2}- 

n^o^ *J.o_ iflj=L iflJ=L) ^ ziEfl<y ^^Hl£ ^7fltb4. °1^ ^ &± 

^l«fl Aj-^^- Ul^^-Ol f 7 HH, ^ ^Efll- ^5(-Al7l 

^cfl sl_9_?r #-fr ^ 371^1 #^5. ^7} Aj-^s}- #^Sl ZL5fl<y (grain) 

^^l^>7l nfl^l Aj-^^. ^ ZLell«?l 3711- 7>A]4. ^± Q^9) ±-5L 7 } ^ 

7>«T ^ H7l^ aM^tf. o^tfl, -g- Mj-^cHl Aj-^sj- ql 100nm o] ^ o) 

3711- 7>^1^ neflo]AS ^-Aj^ tfTj^ Aj-Efll 7>^lcf. 4^^- Tim ^ 40nm °l*r^ 37l 

<56> <2j c^A-}, ^ A^g). f|nV6 ^ ^ ^ <£7.}*$0\] q 35 ^ 

Al 25 % ^^^1 ^± ^4il i^-*Vcf. Aj-^Sj- ^-^o. i^>t^ ( 

Ge-Sb-Te-N, As-Sb-Te-N, As-Ge-Sb-Te-N, Sn-Sb-Te-N, In-Sn-Sb-Te-N, Ag-In-Sb-Te-N, 5A^ ^ 
^-Sb-Te-N, 6A^ ^-Sb-Te-N, 5A^ ^4i-Sb-Se-N, 6A^ ^i-Sb-Se-N ^ *]}=. ^M-olcf. 
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<57> £ 2^r ^°)] 4^ ^ ^-g- ^ ^it ^-&-*Rf GST (Ge-Sb-Te-N) 

21 l£a^^ ZLHfl^olcf. £ 2^Mi 7>S.^-g: GST°fl ^± % * 

51- GST^ Hl^^l-ol ^7H>^ ^ *m. 

<58> h 3£- Ge-Sb-Te ^ t^^l ^ ^-R-^ Ge-Sb-Te^ «1^%T- 

* l^el (annealing) Ji^ir ^!EflH°14. £ 3^1 >H 7}S.^ <£x\^ 
(°C)#, (£cm)# M-E^-^cf. £ - #- ^ ^ofl tcfs. 7 %o] ^ 

^-R-^ GST^l al^-g- M-^jl - □- ^ oj GST oj al^Kg- u^uflcf. £ 3 

* 1-5^, 400 1*13 3=r ^^oi Ge-Sb-Te^ ^ 2 mQcm ^di^]-^^^, ^ 

^ £fs}^ Ge-Sb-Te5l 20 mficm i ^A] ^sq^t}. J§-# 

3^ 3H] «l«fl ^ 10 til^l-ol f7}5}^^f ^ S^. 

<59> j£ 4 ^ <^ 500 °C ^ ^ 4 7 23 i f-fi-^fe GST2] 

£3 ^ ^ GST^I ^ #Efl«- iL<^^ (TEM)olcf. £ 4ofl 

*] s$2z.o) T£M A ^ ol ^-41-^01 GST o^ ^ ^E^l- iL^^ji oVEfl^^l TEM a>^1o] ^-^o) 

^ ^-B-*Hr GST^ ^ ^-Efl# iL^tf. oj GST^l ^-f aefl^l 3.7)7}- ufl-f 

€■ lOOnm ^4) ^3 #11^ ^Efloj^. 0]. ^ oi j7 ^ o| ^ o_ 4^0) 0 >^ 
ZLeflo] 40nm o^o.^ o) 4^ ^^-i- ^ 5d4. 

£ 5^H ( 119^ ^1 1 7VS171J1, 121^r # 

=fl€* 7>s]7lJL, 123^ ^1 2 7>e)^14. % V S^S 115 ^ 125 

^ ^^1} ^ ^ ##^> ^^bv* 7>el?Jcf. %V2-«i^ 129^ ^ aflAj^- 
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7}$7]JL %2z#SL 127-& #7l #Jf Hfl^(129)4 #7l *fl2 €^-(123)# #713 o_3. ^^a]^^ 

7>S^^rf. #7l 1 ^^(119)^- #7l ^-#7> ^^^"(115)^ di^ <3 

^ ^-f-^fe ^ #5lH ^Eflol^ ( ^-7] *>Jf ^^nV(H5) ^ #71 *fl 1 ^(119) 

#°H #71 #^ 3(1^(121)01 #71 ^1 1 ^^"(119)^1 ^I^IS ^^S. ml^£]j7 

, #7l 2 #^aV Sfl^(121) #ofl Hfl^l^Cl-. #71 £.^# ^ZL 

(123)^ #71 #-*f- Hfl*i# 125)3 ^ ^-ir ^-f-*H #7l ^1 2 #^-(123)51 ^ofi 

^#^>ZL, #71 #JjL tifl^ol AV 7 ] ^-ijL ^^nV( 125) ^J-ofl B^SH ^1 -=§- E-) ZL ( 123 ) °ll 

<61> ^^^V ^-ol tf 7 ] #l£s|- 5flH(121)^r ZLefl^l 37l7> nfl ^ cH^Sj ^ 

efl^iLS ^#=1 nf^^ #3|# 7 >^H <y*fl zz. «lx^Voi ^Cf. uj-^^Tfl ^-71 #^S1- 

#^3- 2fl€(121)^ ^ ^7} 5^*1 ^3.^ 5^#(chalcogenide compound)^ 4. c^cfl ( 
#71 #^s|- #^<3}- ^€(121)^: Ge-Sb-Te-N, As-Sb-Te-N, As-Ge-Sb-Te-N, Sn-Sb-Te-N, 
In-Sb-Sn-Te-N, 5A^ ^-Sb-Te-N, 6A^ 31^-Sb-Te-N, 5A^f ^-Sb-Se-N, 6A^ 
-Sb-Se-N ^ <^ Wcf, ojnfl, ^ <g^i=. ^-71 A 0 V^sj. # ^nv ^ ^ # 

cfl^^i 2J= o.25 xfl^l 25 % ^ ^cf. €^ -^JE^I 4^- #^5}- #^bV 

3 ^#£- £ 2<H1 5L*}Z]o] olcf. ^ ^£7> ^7>^- ^ Ul7-l%Vol ^7>^ <£ ^ 

<62> -# 7 j ^1 1 ^(119)4 #7l #^5j- #^ 3{|^(121)ol #71 1 £ 

^-(119)3 ^l^ofl ol^<5H ZL ^^^l^i ^ #Bfl3 ^3}-7> t^tf. ti}^, #71 2 

^■^■(123)^- #71 #^s}- #^bV sflli(121) ^#^4. tcl-ej-Al, ^ #^sj- 1-^^- sfl 

^i(121)* A o > 7l - ^"(119, 121) *}o]o\) ^ nfl> ^-71 i ^^-(119) 
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^ ^7] Aj-ig^. ^^(121) A>o]^ Tg^ol *)-o} ZL^^ ^£7} ^7>S>7] nfl 

^JE ^4. A oM ^1 1 3*^(119), ^-^Sj- 3Sfl^(121) ^^12^^- 

(123H 7>i£ *11M)|(124), ^ A o v ^5|- 71^ ^^4. 
<63> >^7l l ^(119) ^^12 ^(123)-^ ^-fHsKr 3E*H3 ^ ^ 

^J^Aj-ol c^. ol^o^^l ZLf-ofl^ AjEMsl ^uf g:^. §].i4 o] AVo| ^H-olcf . 4>7l ^1 

it ^S-n-^Kr #^^r i^E} ft(TiN) , ^S^M-(TaN) , ^3J-g-3] J=Liffl(MoN) , 

#(NbN), ^sj-^^^-Ej^^-diSiN), lJ3Hh?- n l-MfKTiAlN), ^^s.El ^(TiBN) , ^SHle] 
^*]=..2^-(ZrSiN), ^sH^^^CWSiN), ^aJ-iL^^SACWBN), ^^t^l^l^at 
(ZrAIN) , ^^i^¥3J=L^(MoSiN), ^S^-MM-al *Hffl(MoAlN) , 

(TaSiN), €^^lw^-i-(TaAlN), <£(TiON) , ^^^M^EmttiAlON), ^ 

<64> ^V 7 1 Aj-tL aflAj (1 29)jl|- 4V7I *j| 2 *1^-(123)# ^7^ AS. ^ A^lfe ^-7) SL^Aj s. 

eiZL(127)^ ^71 ^g-(Al-Cu), W^-^--^^ ^ 

(Al-Cu-Si), ^e^HJ=(WSi), ^sl(Cu), ^i^El^(TiW), ^#(Ta), 

(Mo), ^€(W) f AS ^Aj^ ^ 014 Aj-7] AV«. Hfl^( 12 9)^. 7 >^ 7i^l(124)7> #*]*Kf 

fee] M-s.Tr cflo]E^ sj-o] , ^, «1b e^-^AS. ^-g-^ltf. aj- 7 ] aj-«l H fl#(i29) ^ 

Al Aj-7] £^ §eizL(l27)sq- v}&7}*\3_ ^7] ^nl^-(Ai), ^g-(Al-Cu), 
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^}w~^-^€r ^g-(Al-Cu-Si), E <^31 ^£)A>ol = (wSi), ^el(Cu), ^i^Ej-^CTiW). 

£ 5oflAi a o v 7 ] a,] 2 ^^-(123)-^ ^-71 5L^ 0 #^zl(127) £ ^71 -tf^s}- SflE] 
(123) A>ol^ al^-i- HM*Kr #^#o.5.>H3 <*^5. ^-rf. 

A l*Rr ^^£0]cf. £ 6^1 7}«£ *HJ-*flfe £. 5^1 ZL^J^ ^^tb 7>*M ^1 Hfl 

^71^ e^o] X^S. Cfl- ^ojcf. £ 6 o) ^ o. ^ ^.a. Hfl^(129)ol J£ 

^ #eiZL# -f-^1 ^ZL 2]^^ all 2 ^^-(123)^1 ^#*lcf . 

S 7^ i 5°fl JEAl^ 7>i£ 7^^1(124)1- ^ultl £ ^AHlofl rrf^- 

7l^ ±.*>-S- 7fl^ajo S £Al§>^ ^£olrf. £ 7*1H %^*]Jl 101^ aVE*ll 7]^, 103£- 
^> ^-el ^-g-, 111-8: *|<3^#, 109^ H^l^l-, 113a^ ^ «fl*i#, H3bfe €- 
i» sfl = #> U7 o. 118 o. av 7 1 ^.1«*(117) vfl«H ijtflol^l-, i07a^ 

^eflol ^<^^ ( 105^ t11o]h 107b ^ ii^i 7}^7jc|-. 

#71 #£.*ll 71^(101)^1 ^ 5.<#^ ^^-1: tH^KE^- #7l i7V £-£1 

(103H ^^11^. ^"71 ^7} ^-el <3<3(103)£- ^ H3U1 33 7] 

^ 9X^. ^71 H 31*1^(109)7} ^- 7 l ti> £ ^ 71^(101)31 ^ 
7> #-el ^^(103)^- M*}. ^-71 H^^1^e^(109)^ TflolH ^(105) ^ <#«^ <3 
^°fl ^(K^b)^ JE-Efl*] <3^(107a)-°5. ^^4. TllolB ^(105) ^> 

^ ^^(107b) ^ =511^1 ^^(1073) A>o}ol ^^o] eg ^ o)l 

sfl^W. ^"71 H^^ldiEi(i09)^ ^1= ei-<yo.s. *i-g-th}. 
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<69> j$7\ HqS^l^Hi (109)1- ^*1 ms.^- #71 71^(101) #41 #71 ^«?|°1- 

(111)°1 ^li^. a o v 7 ] ^o^^(in) xflofl zl-zl- a o v 71 <^^(107b) ^ #7l JELsfl^ 

^(107aH &7)*>o.3_ ^^jRr ^ 2fl = (H3b) ^ tifl^(ii3a)ol ^^1^4. #7l <5> 

^ «fl^(113a)£r #7l H^l^l (109)^1- ^^5>7fl 

<?o> ^-71 3ifl^(ii3b), #71 ^ tifl^(n3a) ^ #71 ^^(lll) #*fl £ 5^1 e> 

^^^(115)^1 31*1*11}. ZLSlJl, #7l *j] 1 ^(119)°1 #71 ^ 3fl^(113b)^l 3 
7l^S SE, #^^- 5fl ^ (121), *11 2 ^^-(123), £*i# #eln(127) ^ # 

^ «fl^d(129)ol £ 5*11 3E*1€ ^ S°l y fl*l€^-. 

<71> olufl, # 7 | I ^^-(119)3). Aj- 7 | 3fl^(121)ol ^ ^ ^ i£ ^ o. q ± 

*\ 7] 7] #7l iSH<>H(118)7> ^-&(117) ^ #71 *fl 1 ^(119) A>olo]l $|*|^ 

t 5^. ^r, #71 ^^4(117)^ Aj-*1 «fl# £ oil Sl^cf. , #71 

#(117) #7l ^lol^(118)» 31*1^1^0.5.^, n. 2\%4r ^ &5L #c>^l 

#71 ^ 1 *l-=Hll9)ol ^-3-711 £4. hJ-EM A o > 7 ] ^ X ^^-(H9) ^ ^y] 
^ 2fl€(121) A>ol^ ^ A>^1 ^ol ^a}^ fft^Si IL^SL C-l 21-711 ^ 

^nf. ois. oi^fl 7l<y ^-*H1 ^iLSlfe 37l# c-1^ #^*1 ^ oiq-. 

<72> Ol^l £ 7<H1 £Al^ Aj-t^jr). 7l <^ ^.^-ofl cflg)]A-l 7}^} ^£_ 7 )g_ *lc)-. £ 8^ 

£ 7oll £Al^ 7l <^ ^ } a\] ^ ^7}3)5L5L°)r)-. 

<73> #£3. 71^ ^ e H^H^^Ei Ta (109), 7}i£ Xj^sfl Rv (124)1- i^tf. 7>^ 

Rv (124)^ ^ ^i^-l-(119, 123) ^1-oHl 7fl^^ #£5}- sflfiC 121)0.3. 

cf. 7>^ ^%V^il Rv (124)51 2 #^-(123Hl #-¥- Hfl^i(129)ol *]m ^(BL)^^ 

#-§-tF^. H^^l^ Ta (109)^ ^ Hfl^idL, 113a)*ll ^l^HS =efloj ^ 
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^ , 7>£ ^i*cMl Rv (124)^1 1 ^^-ofl ^7l^o.S ^*Vfe ^ = 5}<y (WL) 

<74> ofl^cfl, 7>^ R V (124H1 feel ^J± '0' {JL ^ ^a-nfl) SEfe fee} >§i 'l'( ^ 

#30* ^i^Rr 71 <a (WRITING) -g^th}. H^l^l Ta 1- life *)?)7]°\} 

^H. e}-<y(WLHl ^]7H>i, «1B e|o](BL)^ ^^Al^cf. zleIji, <?}-«- afl^ 
(ILHlfe 7l <y J17} <5>fe feel ^Hofl rfl-g-*>fe 3.7] ^ a] 71^- 7}7]b ^ ^ofl cfl-§-s>^ 
Al^l- ^l7>^Vcf. ojoii ^ 7V^ 7-^1 Rvl- ^f-*fi isHf tifl^( IL ) ^ ulH el-ol(BL) 

#-ff-7> o^] 0^5} 7 >^ *^*fl Rv# ^*}fe UflH^l ^ Aj-Efl 7 > 
^ 7l%>^ Ry^l Tl^Vol S}rJ-. 

<75> ^ofl rrj-ji.13, 7>^ 7^J-^1 Rv* ^<5>fe Aj-tggl j^o} «l7l%Vol 37 ] nfl 

ZL ^ Aj-Bfll- &$X\7]7] ^*fl ^^.5. £lfe €^(^T, ^ Wfl^^l <?l7>5lfe A]^) 
3 3.7)7} ^0\^7\] ^Cf. 

<76> 7 >^ 7^*11 R V feel ^w_f n^ol vfl^ ^(READING) $| 

S. el-<y(WL)<Hl B^l^Bi Ta# ^fe #-g-*V °17}*}JL, SHf flfl>?d(IL)£: 

^^lAl^lJl «1B e}<y(BL)oflfe ol7>*}-cf. oittfl ^ ^ojvg. ^-^d]- afl^ 

^1 ^ A o V Efl« ^^l^l^l &fe 371^ ^i^olcf. 4^ Rvl- Jf^Ai tf] j= 

^(BL) ^ ^ wfl^idL) a>o] 7 > ;£-§-£! i «1H e}-<y(BL)-gr **flAl A^jr). 2^0] 7^ 
*<Kfee] ^JsLH ^mcf. 
<77> °M1 £ 9a rfl^l £ 9hl- %^s>o^ _£ ^a]^ #^3. 7 ]o} ^t}^ ^ «o v ^°fl 
£fl*)H ^>7l^. *Vcl-. 
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< 78 > E 9al- ##3<£ £i ^7]1Jl4 e^x]iE] (MOSFET ) *1<8SH 

al-IE^l 71^ (lOl)ofl di*} £-E] <3<£j (103) ^ H^fl^l^E-i (109)1- A oM ^> -g-e) 

<8^U03)£r #7) ti>£^l 7}# (101)<^] °-5.>H ^-8: ^*H, 

^s]€- ^ (LOCOS) ^(STI) tg^sj ^ ojcj-. #7) 3.^]^ 

B](109)fe -*7l 7}% (101) ^Hl <8^s)^ °^tr ^#*Rr A}°)3 ^ 

(105), n. <£«§=^ y> £ ^i 7]^- (101)^ #^ <g^ofl ^€ <8^(107b) U A 

(107a) O-S. ^^cf. tr^, A oM ^^.i ^^(107b) 5? S.efl^l <£<*(107a) ^H^l ^ 

c m, ^r, ^"71 7flo)B ^^-(105) o>2fl^ ^ <3<*jo| *fl^ cg^o.s.Ai #71 iii 
(107b) £ ^-71 1=31*1 <3^(107a) Aj-oj^l ^-SS^^I <3^§- *Vcf. n^ji, #7l 7)}o)^ 

#^"(105) ^ *fl^ ^ A>°H*r Tfl^lB 7fl7flf-^ o] £.0)0] -f^o] ^Al^- 7].^l 

^HlTfl 7>^tr *HL°1^. 

<79> cf-g- £ 9b!- e^I^ (109)1 3r#*l #?J: l^Klll)* *g 

^7) *3<£^(111)£- Sj-^^7l^-^(CVD) ^ ¥ 

<80> cf^- £ 9cl ^-S^H, ^(113a) ^^1- ^^W. ^"71 sl^f tifl^(113a)£- -tf 

71 H 31*1 ^(109)2] =efl<y ^(1073 HI &7}2\SLS. ^#*Rr 2.^ Hti^l^. «fl^tfl, # 
7l Hfl^(H3a)^r #71 TflojE ^^-(105)34 Jg^JE^. ^ ojcf. ^A]oflofl^^. 

^ ^RKdual damascene) *}-8-SH #7l *}^- «fl^(113a)-i- J°5., 

^71 ^^(111)# 3flE^*H *>^- «ti^°l *g^€ «fl^d -g- #( interconnect ion groove, 

112a) g #7l ^(112a)^ ^ <8^<*1M ^.eflo] <g«(107a)# 

*(112a')# ^^tr^r. #(112a) ^ ^^*(112a')# lE^t-^S ^fl^ ^efl 
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91 ^^(107a)oll #7]*$°.^ ^^*}~ ^7] ^ BflAl(ii3a)# ^ 
#7] f>}3f- «fl^l(113a)-a- ^, -^^Hl #7l ^^(107b)<=Hl ^7l^o.S. ^4? 

*}^r ^ 3fl = (n3b)£ <g>8th4. ^, ^71 Hfl^d-g- #(ll2a) ^ ^*(112a'),g- ^ W *fl , 
^ A H1 ^ ^^--g- 7fl ^( 112b) ^ ^71^1 ^71 ±SLdi ^^(107b)^: 

#^*(112b')# ZL€\51, #7) ^(112a) ^ ^^#(112a')-i: *!]-§- nfl , 

^Alofl 7 fl^(112b) 9? ^^l-(112b')i£ ^Alofl ^-7) ^fl^^lT^. -y-71 ^ 

4=(113b)^ ^ ^^jAS 7V^ xHMl(£ 9f9\ 124)1- ^"71 

(107b)^] |l7]^^ <?M A 1 71^ <*lhg- 
<8i> «1^ ^ cfp>A] ^-g- a>-§-^>^ a o v 7 ] ^h. a flAi( 113a ) nj ^eh 3fl = (ll3b)# 

^^1^, ^* A }-g-* &i=k ^, ^-71 ^^^(HD* #7] ±SL^ 

^^(107b) ^ <3^(107a)* i^A]?!^ ^iga^-g- jar aaj| f | ^o. 

■5=^- Aj-71 f^l ^<gnv (m) AVofl ^^^>JL, ojo^ 2fl E ^ ^^-g; ^£ & 

<82> tf-g- £ 9d» , A o v 7l HH^J(113a) ^ ^ all £1(1 13b) Aj-7] ^ 

^7l^ 0 V-3V yJ-^-g. A}-g-*V ^S^iLiiL ^€ ^ Tfl^fl^, Aj-71 ^Jf ^Tj; ^ 

^■4(115)^- 2flEi^S>^ Aj-7] SfJ] Sflc(113b)# ^#A]7l^ SEHi( 117 )^ ^Aj^. 

<83> £ Qel- A oM ^ 3flc(H3b)l- ^#A] 71 ^ SHfl^(ll 7 ) 

^BflolA-K H8)l- 2]^^- ^-^Al^lcf. ojS. Olsfl 1 ^ Aj-^sj- #^nV sfl 

^ A >°1^ a>^1 tlr^l olAj-0.5. #<a t~ ^-71 ^^-^ ^s)lolA-1(ll8)^ 
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7t\4=-m\ s. 9e# #S*H, (118)1- ^^*1 * , s 

51*11-^5. ^-71 sfli=(ll3bH] ?}7l^ £ ^^*>^ 1 ^(119)* 

^1 1 ^^-(119)-^ ^ ^ °H1 tflt}" ^ft^" ^(^Cfl, <S 

^ JE^ ofl^^ ^)# ^€ ^ 5U^. 

A oM 1 ^(119)^ Hi ^1- ^-R-^m €i ^}i^ «-fr*Kr je*I 

^ ^iffl, l-^J±cj] > l£ig-g- ( E]B}-£- ^e]A>o]c > ^e)A>o] c S Ol^-c^ 

^ ZL-l-oflA] AjE«^ SE^ I" OjAj-o] Uf^^-O^ ^ Olcf. Aj. 7 l ^ 1 ^ 

^"(119)^ W^7l^^, ^-^^7l^#^](PVD), ^7>#^aV^(ALD) ^ ^av ^ 

* ^ 5a^. ^7l ^ ^-fr*r£r #^£r ^sl-Em(TiN), ^3" 

^^(TaN), ^^#el.a ^l(MoN), ^sm^CNbN), H^e)^B)E^(TiSiN) , ^<g^v}¥&\ 
iKTiAIN), ^Jl-^E^OriBN), ^Sj-^^^lS^CZrSiN), ^^31(WSiN) , H3-iL 

^r^^^l(WBN), ^^-Dl^l =5EL ^-(ZrAlN), ^^B^ ^.^(MoSiN) , ll sj-^nj^-^el 
a 3KMoAlN), ^SHJal^g-f-CTaSiN), ^^-^^1 w^#(TaAlN) , ^sH^^I ^(TiON) , £ 
^^-^•^^-^^(TiAlON), ^a^a^^CWON), ^^^-^rlr-i-CTaON) ^ 
iBi ^it #-8-*rfe 3E*M3 , ne^lHCgraphite)^ ^ £ ^ ^( C )o] oicf. 

^7) ^| l ^^-(119)51 ^ofls.Ai ^^^igofl ^^-^Di-^-Bl^CTiAlN)* ^ 

-8-H- ^-f ZL ^ ^"i- ^ W. ^ EjE^ dt_2_i 7>>i^Ai Aj-^sf B) Ej-^-(TiCl 4 )# 
-§-71 tfls. *^^.^^(-^ 0 J) ^71 £<&s$ isflolA^(H8)7> av^j 3.^3 
Aj^cf. o)6]*\ 5J)^i (purging) 7}iS ^ a}<*2[ E|E)-^g- *(«V-§-7l <2] 
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^s. Hfl#) 7}is^i °J-h.^KNH 3 )1- *}-g-7l tfls. *3j±^t}-. ojofl ^ ^5}- 

^- ^ £31-1-3. o1=lo^ ^ Aj-ol^-g- y>4^^ TiAlN^* 3<S3h=h Q 

<87> Tfl^SflA^ £ 9el- , ^71 1 ^^"(119)^- 4s ^7l ^ ^7_V tifl^ 

^(115) ^ 0 H1 #i£S* #^(121) ^ 2 3^(123)^: ^^W. ^"71 tfigSJ. #^nv (12 i) 
^ ^ A o v 7l #^(121)-^ ^rs^l ^ttt h]- 

*fl ^cf. °H, ^l^icfl, ^ 100 tfl^l 350 ^£ ^^HH ^€ *r °H1 

4^ #^5* #^sv(121)^r ZLefl<y 3.7l7> nflJf zieflo] 

-£-3. cf^^ #Efl» z^sm ^^^cf. ^^cfl, Aj- 7 i Aj-tsgL #^^-(121)^r lOOnm °1 

H7l# 7^^ ZLeflO]^ Aj-Bfl# ^^Cf. ti>^^>^ ob 4Qnm ol ^o} 

ZLeflo]^. ol =o^^lcf. -M. ^-rgofl ,4. e ig f a o v 7 ] a o v^5). #^(121)^- ov o.25 ifl*] 25 3] 

if-W. Ge-Sb-Te, As-Sb-Te, As-Ge-Sb-Te, Sn-Sb-Te, 

In-Sn-Sb-Te, Ag-In-Sb-Te, 5A^r ^-Sb-Te, 6A^ ^4i-Sb-Te, 5A^ ^^-Sb-Se, 6A^ 
-Sb-Se f-^- ^ Sit}. o}6\] 145}, ^. ^-^^1 rtf^. ^v 7 ) ^-^^1 l-^^-(i21)^ 

Ge-Sb-Te-N, As-Sb-Te-N, As-Ge-Sb-Te-N , Sn-Sb-Te-N, In-Sn-Sb-Te-N, Ag-In-Sb-Te-N, 5A^ ^ 
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4i-Sb-Te-N, 6A^ ^-Sb-Te-N, 5A^ ^-Sb-Se-N, 6A^ ^4i-Sb-Se-N ^AS ^ $1 

<88> <y «fl3.*], Ge-Sb-Te-N# i^E^ a>-§-^ t^*}^ ^*VtK 

Ge-Sb-Tel- e^o.5. «H *f 10mm Torr ^ = ^ 1mm Torr^ ^ 5005+H^ DC sj- 

^<Hl^i, 100 350*0^ ^JE ^^HH ^ 100 vfl^l lOOOA^l n^l °1 
Q £ #£3- £ 4*fl w>sq. ^o] D flO- a7 ] (of 40nm 

cf^o] ZL3l<?l(grain)il5. o^o]^ cf^^ 7>^c]-. 

<89> # 7 | ^ 2 ^^(123)^ SWsj7l#^3Ma, #^^71^^, €*>f^^ ^-Sj *S-ig 

# Af-g-^H «8^€ <r Sil^, A oM 1 ^(119)2f A>-g-^ ^ 5ft 

^. ^l^M, ^"71 ^ 2 ^^-^(123)^- ^ ^-s}^ S.^ ^# f-H-^> 

oo> oj l-B^l^^-a- Af-g-^H ^sH^lw^^-S-S. XI 2 #^Mr ^^^m 

S-°l(20 ^H^Itet)*- oHr DC i^E^lA^ qt 3mm Torr o} o}e^ ( qt 

3mm Torr^l ^ 1500^H^ DC ^ 100 1000 A -¥-7)1 

X] 2 31^(123)^- *8^« ^ 5(it].. 
<9i> cf# £ 9f g. , Aj- 7l ^ ! ^^-(n9)o]] ^ 7 }^o_s. Q^Sl^ Aj-7] 2 

^(123) * ^Sj- #^^-(121)-g- sflE^^H ^7l^o.S £-E)4g 7><£ 

(124)1- 
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4-§- ^-B: ^ wfl A d ^°1^. ^ £ 9g» 7>^ xi*J-*lK 124)« & 

^, ^-71 ^^(115) ^Hl ^"71 7>£ ^^1(124)1- ^ ^ 

^^"(125)^: ^^*Vcf. ^71 tf-f 33*Kl25)£ iW^l^^ = A}-g-*H ^ 

€ ^nvo^ - ol^l Tfl^^^i, # 7 j ^<S^(125)# SflE^^>0^ 7 \ 

£ *W1(124)£] 2 ^^-(123)* €-i"^(126)# ^^tVcf. 

cf-g- £ 9h# ^ 2 ^^-(123)* ic#*l ^ ^#(126H1 

5L#*Z #^ZL(127)1- ^7} #£^(127)1- i#*H ^-7] 

^^^"(125) ^ Hfl^ °1» sflBi^^ £ 7^1 a>sf 

°1 5L&^ H(127)=>11 ^.7}^o_S. ^*Hr ^ «fl^l(129)* #7} 

1-^(127)^ ^>7l *fl 2 €^"(123) ^ ^-71 -tfJf a|]Al(i29)* #7]*] o_3. <&%*\%m. 
^7) J£*l^ #£in(127)^ <#7l ^1 2 ^(123)* ^#^1 ?1 ^ €-^#(126)* *fl4- 

A cM 51^ «sizi(i27)^ ^M^lir, ^^l^e) 

^Jl^, #^^7l^SV^ , 2}-tV^7]^-^4^ -f-g- A}-g-^- - ojrf. ^-71 #JjL WHA}(129) ^ A l 

^71 #e1n(l27) ^R-sl^ -i-^ -g-^t!- 3* *}-§-*M ^€ ^ SZ^. 

71 ^1 2 €^-(123)# ^#A]7l^ ^-i«l-(126)# ^ ^7l ^^#(126) ^ ^7l #JjL ^- 

^> ^^^"(125) ^oHl if o]s. 3])Ei^H ^"71 ^ 2 ^^-(123)ofl #713 
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<96> £ 10a ^ £ lObxr 4^- ^*HH 4^ A o VJ f «fl^ 5 ^1 2 ^d^ ^71^ ^ wj- 

< 97 > ^ £ 10a!- %h2:*H , -£ 9f°fl a>fif ^-o] 7 >^ ^1^(124)* ^, # 

^^^4. ojofl 4^ £ lOaofl 51^1 5} «>sq- ^-o}, Aj-y. ^^5V (12 5)^. ^ 2 ^^-(123) 

^ 7V^14. ^SJ- ^ HLfe A>-g-^H 

<98> 4^- £ 10b« s&7] tf-SjL ^^^(125) * ^1 2 ^(123) ^H] 2E## 

^ ^ ^flB^^H ^ ^(129)^ ^ttt}. Aj- 7 i a o v«. tiHAj( 12 3)^. 

tf^'S *>-g-^- ^ ^4. *2*HH ^ «H^l(129)ol a o v 7 ) ^ 2 
(123)4 

<99> ol^] t Aj-^^j. a} £o] $\±(7 5l^E) t i^Hr ^-^21- #^BV^ 

^ a o V^^. 7 )<^ i^>2] -IH^-g- #^3*- ^7>fif 

<100> £ 11^- £ ^-^S}- #^5} 5flEH-i- ^-W^Rr rr cf^ 6fl# £ 

(125)21 ^€ ^^#(225)^- ^-«fl>H >fl 1 €^(119)°11 ^^^4. EtK #7l z\) 

1 3R-(119)°1 #^ S.<## 7>*1*1 &J1 *3<3^(115) ^Hl fi 0 ^^ ^Ajsjrf. 
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<101> ^-^1^ Z}^ ^-^1} ^^^V(115) ^Hl *\}l ^i^-(119)ol ufl^^cf. $-7} z\) 1 

(119)^ ^7} S>Y =4-71 ^^^"(115)^: #J1 ^€ 116)1- 7l^ofl ^ 

^"71 *fl 1 *}^(119)-a: ^4^^- ^"71 ^ ^-4^ ^<^^-(115) ^Hl # 
^ ^^^"(125)01 ^*1?H=K a o V 7 ] AV« =4*3 ^nl-Q^)^ 4 v 7] : ^^-(H9) o} 

^-¥-* ic#A)7l^ sbh^(225)^ #7) ^<a°i-(125) ^H] #£3- 

^ 3lfl^i(121)ol ^^l*lCf. A o V^5j. ~;gnV 3flEi(121)^ ^7] s£ 7 ] 1 ^ 

^-(119H1 #7)z$SL3, ^^r*>cf. ^7l #£3- #^ 31]^(121) ^1 *fl2 ^^^-cf. # 

71 1 #^-(119), ^s}- sfl^(121) ^ 42 *i^-(123H 7>^ 7-l*J-^(i24)l- 

4. 

<102> a o > 7 ] ^5}- ^^uV 3Efl^(121)^r ziefl^l 37]7> nfl^- ^ cj^oj ^3)0] t). 

^ ^-Bfl# 7}*M o] S ol^fl ZL tilX-HVo] ^t}. W>^-31^>711 ^-71 -#^5}- 3fl€(121)^r 

^7}- ^S^l(chalcogenide) 3^#°m. «m^tfl, #7l ^sj- 3)]^ 

(121)^ Ge-Sb-Te-N, As-Sb-Te-N, As-Ge-Sb-Te-N , Sn-Sb-Te-N, In-Sb-Sn-Te-N, 5A^ 
-Sb-Te-N, 6A^ ^i-Sb-Te-N, 5A^ €^-Sb-Se-N, 6A^ ^-Sb-Se-N # *>i4o|cf. 
, €i 3l^r #7] #£33- 3fl€ t 1 ^ €^ ^ tfl*H ^ 0.25 vfl*l 25 % 

<103> #7} ^ 2 ^(123)£r ^ £ 5 ^ £ 6t ^^tb H o^^ *«a*l-7fl ^ Bfl 

^ *r 5^4. ^71 *fl 1 ^gj #b1zl(ii6)# «V£*1] 7l^ofl ^^sj 



58-28 



1020030011416 %:^ 2003/10/21 

<104> 2E ll-g- ^l^Rr 7)<$ *H^Hr Tj-e^ *Vt}. K)z\ t s. 

9a tfl*l £ 9c« ^-S^H ^^t!" u o v ^4 -§-H*Ml >2h£3l 71^; ^Hl i^V <g<^, H^S^l 

^^^"(115)* 7fl^3)H ^"71 <5^ ^^nV (115 )^. 5flE^^ ^ 

= 1- ^#A]7l^ ^^*1 ^ ^7lofl *fl£| 116)1- ^ W. 

<ios> ^-7} #eiZL(H6) ^ #71 *}Jf ^£^(115) ^Hl *fl 1 ^ 1-^-1- #^t}r 

^ ^El^sM *l] 1 ^(119)* °H, ^- 7 ) ! ^^-(119)^- ^71 f- 

&|li(116)# Stt4. A oM 1 *1^-(119H 14s| til E ^) 71^- ^T£ofl a 0 v«. 

^^^"(125)^- ^^W. ^"71 ^ ^^^-(125)1- ^flEi^^H A cM 1 #^-(119)* 

i^#^7l^ ^i«*(225)* ^ #7} §Hfl^(225) ^ ^ ^^BV (125 ) 

4H1 ^5|- ^71 #^^(121)-^ ^ i^>JE^- 

^l^cfl, ^"71 4^5}- #^(121)^: 2^31 2}-^-#-g- *H 7}iS^ 

oflSfltfl, °J= 100 ^ 3 50 ^ oluf. 

<ioe> ^. 7 i Aj-^s}. >£oil ^ 2 ^, ^-7] ^12 ^^-#2] Rl av 7 i AJ-^ 

^- ^HlS. ^flEi^^H A o v ^5)- 3flH(121) ^ 2 ^^"(123)* ^^W. 

<107> ^ ^ o. A o V«. HflA^yjE HJ.O]) ^O.^ ^ ^^^ 7 ] nfl^-ofl ^ 

<108> £ 12^r ^- i4 ^ ^ 0 >^j<y ^2|- 7l<* ^j-O) yj^^J. 

1- iEA]^ -LSfl^o]cf. E lloflAi 7>3L^ til7^V (kQ / cnt) o. ^If uj-E}-^ 

Cf. S S^^l^i - •- ^- 7 ^AjjE^ ^^ 7> Aj-^gj. -i-^nKg- ^y]^ 
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* ^ 

<109> £ l 3 o. aV^^ol 7l°g 4a 7 gl^Eoj jg^ €4i«- #2] 

7i*J" #"8: iL^^r ZLSfl^-Ojcf. JE^H 7}3-^-£r "S"^ ^l^^JL, AflS^fr 7^ 

%V^1B 7^*J- ^-i- 7>5lfiCf. E^oflAi - #- 7 Si^EO] ^4l7> JE^£ # 

aJ-^ 7^ 73-0 7l og ^3. 3^ ^ 7 >^| tcj-e). t^/^e ^tg. 

33 #4l^"8r <r iiCf. Al-^S}. 7]o^ 7|-f f ^4^0] 7l<g 

lr^S>ji e^lH T^/^lH ^ *}^f>U] 5 °1^ -8-*l#-£ <g ^ ^rf. 

<no> £ i4 i=. .a. >^o} Aj.^^. 7]^ i7 }o] oV^^ol -f^^g; j±o^fe- neflsoi 
4. £ 14fe 7 sj^HS] ^41 €4i!- 3L#«Hr g-g-fr ^ul^ ^s\- 

71-^ 41*1- ^ ^f^tl 71^ 4l*HH I^E) ^«1 Aj-^^- l-^SVofl cfl^ ^A eflo} 

(X-ray) #^(XRD) HI °1 b] # H^^cf. c^o] ^#30] Aj-^g). 7 i<^ ^Hl cflt}- 5? 

?§^-, 400°C I^Sl *i^M]Ai a]^^ ^<^*1. ^o)^ a>^(<i^ cV^Aj o.^) j 

Aj-^o] Aj-^s|. 7]o3 ^4-, ^ofl*i nfl-f Aj^ ^sj. 7 |. c^- ^ 01^ 

<m> ol^]^] ^- ^ofl vJi\i}<^ ol y l-^-^i *V ^Ajo.^. #^a.^cf. a. ^-tgo] 

71 # ^-oH>H ^1^1# 7>Al ^- «V^ 0 ] ^ ^-t^oj ^.^^o] ^-^cHlA^| ^O) 
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SHr *$#°\}*\ ^Efls. ^€ ^ &^~§- °l*im ^ 3H^. ^i£S 711 

^ ^l^^SH M-El-14 ojo^ zls} ^f-*V «^ iflofl 01^ a.^. 

<>l^£r %<L3. Sfl^5l^o> ^- ^o!4. 

<112> ol^ofl^ ^^^V ^ ig-Tgofl tCj-SMg, A o >^5|. ^ijVo} Hl^^ 3 7ll « ^ 

7l<y = £1711- #^2] ^ olcf. oHl ^7>£l^ ^ 

^jei- 3^*1 s^o.s*|, i*} *Hofl 3Wt11 tfifisj- #^ sflU^ «1^^ -g- 
ol^Tll S^lJr ^ ^rf. 

<113> 2L, ^S*- ±£<U ^ ifl^ ^VAl^ ^ olcf. 

<114> HL*V, ^-^s). ^-^n|o] 2I-0. H7] o^ ZL 31 ol-i-S o)^o]*\ v)-^o] 7 ] nfl^ofl f §^ ^-A> 

^7>*H ^3.^3 _£.<*^ ^» ^^1§ ^ o^cf. 
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[37* 1] 

v}^r£-^M #7} #^BV sflfH ^<s}-<*| ^71 AjJll- ^ 1 ^i^- 

[$7* 2] 

*« i *<hi &<>h, 

^71 5})^*- ^ fi^O S ^ ^ 

[37* 3] 

i *°n 5a°w, 

*1 25 ftS i*£)^r ^HJ °~S. *>fe 7]<^ i4. 

[37* 4] 

i *°n sa°H, 

^7l ^o v ^5l- 3fl€^r Ge-Sb-Te-N, As-Sb-Te-N, As-Ge-Sb-Te-N , Sn-Sb-Te-N, 

In-Sn-Sb-Te-N, Ag-In-Sb-Te-N, 5A^ ^dii-Sb-Te-N, 6A^ ^dt-Sb-Te-N, 5A^ €^i-Sb-Se-N, 
6A^ ^i-Sb-Se-N ^ *}^<& ^±3. *}±r ##3} 7)^ 
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5] 

1 *M 

6] 

*fl 5 %H1 

#71 ^ l ^ ^1 2 # o]± t^)t(Al), 
^(Al-Cu), ^^^--^.^-^s]^. ^(Al-Cu-Si), ^iffl ^e^H^(WSi), ^(Cu), ^> — 
^lElE]-^-(TiW) ^ <H^ o)s.o^ S^Kg- if-^Kr ^io S ^ 7] 

[37* 7] 

^1 5 S&fe 6 *oHl &<H>H, 

^l(MoN), ^SHj£.#(NbN), ^2}-^^ElEl-^-(TiSiN) ( ^3-^*1 ^e] i£(TiAlN) , 

(WBN), e =7^-( ZrA1N)) ^5]-^s)^-i-E]ti.^l(MoSiN), ^sj-^nl^-a^ 

(MoAIN) , ^sH^-SEl>i-#(TaSiN), ^^ v -¥-^^^:l-#(TaAlN) , ^s^sH ^(TiON) , 
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Sj-W^l-H-Ej^KTiAlON), ^^^^^(WON), ^s^M^-i-CTaON) ^ 3* # 

fi}^ ^^_s\- 7]<$ ^7}. 

8] 

*ll i *m 5fl°H, 

^=)*r ^-fr ^ O.S. *m 4^2)- 71^ db^f. 
9] 

^3. ^71 #£sj- #^BV jrfl^ofl ^71 all^Rr 1 

S$7] #^BV 3flE}-^ Aj-Bflo] ^ #l£5* 71^ i*>. 

10] 

*fl 9 %H1 5&°H, 

-5J-71 #£3- 5flE}-£- Ge-Sb-Te-N, As-Sb-Te-N, As-Ge-Sb-Te-N , Sn-Sb-Te-N, 

In-Sn-Sb-Te-N, Ag-In-Sb-Te-N, 5A^ €i-Sb-Te-N, 6A^ ^-Sb-Te-N, 5A^ €dt-Sb-Se-N t 
6A^ ^i-Sb-Se-N ^ ^ f>}±r #^3* 7)<^ i*}. 
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11] 

*fl 10 %H1 91°]*), 
12] 

^■71 7>^ 71 %V^H ^7]^ o.JL tifl^l^r S^^M, 

sfl^AS 3* ^iis. ^ 71^ ^7}. 

13] 

*ll 12 %H1 SH^i, 

A o v 7l ^sj- #^ 5flifd£- loonm o]^].^ 3 7i5 7 }7^ ziello] o] =-<^^| cf^^ # 
3 -§- ^Jl-sL *}^r ^-^s]- 71^ i7>. 
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14] 

*fl 12 5Eir *\] 13 &<>H, 

#?1 ^± Q±.^ A oM #^ 2fl€ T 1 ^ # Sl^HM tfl*fl>H ot 0.25 vfl 

*1 25 %S. SL^-S)^ ^^r *Rr #£s* 7]^ 4i7>. 
15] 
all 12 %H1 

#71 A o v ^^- ^fl 1 ^ Ge-Sb-Te-N, As-Sb-Te-N, As-Ge-Sb-Te-N , Sn-Sb-Te-N, 

In-Sn-Sb-Te-N, Ag-In-Sb-Te-N, 5A^ ^4i-Sb-Te-N, 6A^ ^±L-Sb-Te-N, 5A^ ^i-Sb-Se-N, 

16] 

2)1 12 4| 5fl*H, 

fl^l *>M- lEfe Ol^ S ^-nVol ^.g. ^ ^sj. 7 i^ 

[3 ^8" 17] 

XI 14 1H1 ^o^, 

#71 ^ ^^-S^r ^» fMf*}^ ElBj-^-, 

#Hl«- c dl, ^e)A>o)j= ( Ej.Ej._g. ^Aj-oljE.5. ol^c^^l ZL-f-oflA-l AjHfl 

£ cHin S-fM" o|f5l S^*! 7ASr ^ #,£3. ^7>. 
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[^t 1 * 18] 

*H 16 %H1 floW, 

(Al-Cu), ^Mw-^-^el^- ^(Al-Cu-Si), ^e^H-EL(WSi), ^al(Cu), ^^B] 

^-B-(TiW) ^ <5>q- o]s.^ a^Bj-g. d S^Rr s.^ o.s 71 <^ 

19] 

*ii is %hi sa°H, 

^ $-fr*|-*r S-^ ^^^(TiN), ^S^Urf-CTaN), ^sHi-sm 

^(MoN), ^sm-2.#(NbN), ^^e|€-ElB)-^(TiSiN) ( ^^-^-f-^^-El fl(TiAlN) , 
^Ji^EmCTiBN), l^e1^]5at(ZrSiN), ^^e)^i€(WSiN) , ^iL-S-tg^ 
(TON), ^^ D l^l=3^(ZrAlN), ^SHUiMWsl «.^(MoSiN) , ^W^i^e) 
(MoAIN) , ^^^^^#(TaSiN), ^^^fJri^CTaAlN) , €(TiON) , ^5K> 

^-^^^^(TiAlON), ^^^^^1(W0N), ^s)-^:s}-^ig-=-( Ta oN) ^ o]± z}^°) 

[^T 1 * 20] 
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^7l sflSofl ^7l^O.S. ^SItt 7}^ ^^1; 

^"71 7>£ ^^l^r 4>7l S}^ #^?> ^^nvo] ^ Aj- 7 ] ^cofl £ 

7130.3. ^*Rr *>Y^^-; 

#7] ^Sj- 3})e} ^-ofl Hfl^^cH ^7l ^-f afl^ofl # 7 ]*\°.3, %4=-f>}?=: ^=L£ 

21] 

^ 20 &<H>*1, 

^-7] #£3- #^sv 2fl€£r «f lOOnm i^Jfi o] =-o]^l cf^^ ^-Eflo] 

^^.S. ^"^Sf 71^ i4. 
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l^^lt 22] 

*l] 21 *M 

23] 

^1 22 %H1 9X^^\, 

^7] ^s\- 5fl^^8r Ge-Sb-Te-N, As-Sb-Te-N, As-Ge-Sb-Te-N , Sn-Sb-Te-N, 

In-Sn-Sb-Te-N, Ag-In-Sb-Te-N, 5A# ^db-Sb-Te-N, 6A^ ^4i-Sb-Te-N, 5A^ ^-Sb-Se-N, 
6A^ ^^L-Sb-Se-N ^ ^q-o) ^ o. ^ ^ 

24] 

23 £M>M, 

25] 

*)1 24 

^^>5l Zi z\^o) 4>7l uiwlicf ^ ^M^IteKAI), <k v ^^l^-^^ ^(Al-Cu), 

^■f-^l-B-^sl-^^^ ^(Al-Cu-Si), ^€ ^H^H-EL(WSi), ^(Cu), ^^Sfl^^diW) 
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# 6]± ^ <£^r ^11; 2] S^o-S. o]^o]^ #^ZL# C) 3E^-*Hr ^ <?} 

[^^MJ- 26] 

^ 25 %H1 5a°H, 

^"71 Q±Wr ^-fi-^Rr ^Sl-El^(TiN), ^2|-^#(TaN), ^s)-l-B]«. 

31(MoN), ^5^iL-g-(NbN), ^S)-^^€-^E}^(TiSiN), ^sHHM^E) ^(TiAlN) , 
^Sj-i^El^-(TiBN), ^aHJs^*|=.2^(ZrSiN), ^SH^^^CWSiN) , 
(WBN), ^sf^nl^^l a =7^-( ZrA1N ) ) *3 s^e) «-^l(MoSiN) , ^2^-^*1 ^-§-3*1^ 
(MoAIN) , ^5|-^Bl^^#(TaSiN) ( ^WlH^l ¥^#(TaAlN) , ^SK}-^ nKTiON) , ^sRV 
S^^l^fKTiAlQN), €sH£^^<ifl(W0N) , ^5l-^Hl-^(Ta0N) ^ sfufo] 
*}tt #£3* 7l<*) ^7}. 
27] 

#£3- 7l<3 ^ 

[^T 2 -^ 28] 

27 ^1 SZ^^i, 
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#7} f-^ BflEH-^ °f 100 ifl^l fif 350 £5. ^^HH 5|-^"§-* B}- 

29] 

^ 28 %H1 

#7] ^iEL^l 5*tH"£- Ge-Sb-Te, As-Sb-Te, As-Ge-Sb-Te, Sn-Sb-Te, In-Sn-Sb-Te, 
Ag-In-Sb-Te, 5A^f ^i-Sb-Te, 6A^ €4i-Sb-Te, 5A^r ^-Sb-Se, 6A^ €4i-Sb-Se # 

^-^-S 5}^ ^S\- 7)*\ ±7} O c V^. 

30] 

*fl 27 IE±= 29 %H1 &<H*1, 

^7] ^ ^7> ^71 #^BV BflE} ^ ^iO] ^ ^HHl tfltflAj ot 0.25 Xfl 

*1 25 %S. S.^S\5L^ #7) 2H^o] 53 # *m A o v ^Sj- 71^ 

^> y o V ^. 
I^T 1 * 31] 

*fl 27 SU^H, 

^71 tfigs* #^ sflig^- Ge-Sb-Te-N, As-Sb-Te-N, As-Ge-Sb-Te-N , Sn-Sb-Te-N, 
In-Sn-Sb-Te-N, Ag-In-Sb-Te-N, 5A^ €^-Sb-Te-N f 6A^ *)4i-Sb-Te-N, 5A^ €^-Sb-Se-N, 
6A^ ^^i-Sb-Se-N ^ *>i4^ «g^£)*r %-$r ^<LS. *}*= tfigsj- 7l<^ ^> ^ . 

32] 

*H 27 %H1 5fl°H, 
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7}<* *§s§ « 0 >^. 

33] 

32 & oH, 

^(MoN), ^SW_2.-g-(NbN), ^^^^^^(TiSiN), ^sH^l^ BKTiAIN) , 
^Ji^-ElfKTiBN), ss^-(ZrSiN), ^sH^^^CWSiN) , ^5}-i±^ ^ 

(WBN) , ^ Sj-^nl ^ e a ^-( ZrA1N) ( M-e) ti^CMoSiN) , ^2}-^ s. D ] ^-s.^) 

(MoAIN) , ^sl-^el^-^-l-l-CTaSiN), ^5)-t^lK^tf (TaAIN), ^.^^ ^r(TiON) , ^sR}- 
^^l^EWTiAlON), ^^H^i<ffi(W0N), ^^>S}-^##(Ta0N) ^ *M2. 
3* Wr^CLS. #^3* 7}<* ±7.} . 

34] 

-^71 1 ^ ^ ^ ^Hl *Ji* S.^}^ Cf^^ Uj-Bf 
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^ ^^M- *8^*Rr #31* i«-*Hr ^HJ ^-^5)- 71^ ^ « 0 > 

35] 

^i 34 sa<H^, 

^•71 1 ^ofl ^7l^jAS ^^}5i^- ^7) 2 ^ #7] ^5)- 

BflS sflE^^ ^Til^ *>if 7l<^ 4l7> ^ w o >^ . 

[3^9" 36] 

A 35 ^Hl 5a°H, 

^7] ^s)- 100 A*} 9= 350 ^£ ^-?H*1 fe^jl ^ttt A 

U-^ofl ^«fl ^3^r ?A^r ^°_S. #^3* 7]<$ i7} tg^ 

t^*J- 37] 

36 %H1 51^^, 
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#7] Q^7\ ^7] #^bv 3flH ^ ^^o) ^ ^l^l tfl*lH ^ 0.25 vfl 

38] 

*ll 37 %H1 91^^, 

^7} ^3.$. sH-^-gr Ge-Sb-Te, As-Sb-Te, As-Ge-Sb-Te, Sn-Sb-Te, In-Sn-Sb-Te, 
Ag-In-Sb-Te, 5A^ ^-Sb-Te, 6A^ €^-Sb-Te, 5A^ ^-Sb-Se, 6A^ €^-Sb~Se ^ 
vMtl 51 -fr sj-fe- 7l<3 ^7} hj-^. 

[3^8" 39] 

*ll 34 SZ^^, 

^•71 #?_V ^^-a- ^l^Rr te^l 7}^ *H^-<jRr #31^, 

^"71 H^l^* A o V 7 j a> £ ^ ^-ofl ^- 7 ] ^nKg. c^j ; 

A oM #?i ^<S^-g- sflE^H AV 7 ] c^c* ^ = 3)0] o. ^ A ]7]- 7fl ^«_ 

^71 ^1 1 ?A^£r ^7} 2fl^.ofl ^71^0.5. 3* ^^£S ^ ^2}- 7 ] 

^ dl7f ^ 
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[3^* 40] 

XI 34 SE^ Xl 39 * 0 H1 &<>H, 

^aj- * tifl^d *S#SRr ^Tjl; 

#7l tifl^l #^-g; SflE^^H A oM ^^d^l ^7l^O.S. ^^Hr #-f Hfl^l^: ^^*> 

41] 

XI 34 %V Hi^r XI 39 *<H1 &o^ f 

#71 #^f *3<3^M- SflE^^H #71 #Jf^2] ^-^-1- iL#A] ^ 7fl^« 

*§#*Rr #X); 

#71 7fl^~g- *H*fe ^SiZLl- t§#SRr cf^; 

#71 #JfL * £ ^ aj-chI wfl^l *§#*Rr ^1; 

#71 Hfl^d #^^T sflE^SH ^-71 ^7^0 S ^ # <!rRr #^- Bfl^l-g: 

*l#*Rr #X1» Dl jL^-sRf ^ #^3* 71^ ^ 

[3)^8- 42] 

*>:5IX1 7]t #*fl XI 1 ^-g- ^#*Rr ^711; 

#71 XI 1 %1^M1 ^71^ ^^*>fe lOOnm ols>^ ziello]o.S. cf^^ ^Efl^ 

#£s|- SHU* *g#SHr ^Tfl; 

#71 #^2}- #^ 3flEH Aj-ofl -tfJ^^-g. *g#*Kr ^7^1» 5L^>^ 3* ^^JO S 5> 
#^2}- 7l^ <§>g 
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43] 

2)1 42 %H) &°H, 

#£3- #^ sflEH^ Sj-^-g- EfTjl ^ 7>i ^ 7>^S.^i 

44] 

^ 42 %H1 91°]*], 

A oM sjUfd^ Ge-Sb-Te-N, As-Sb-Te-N, As-Ge-Sb-Te-N , Sn-Sb-Te-N, 

In-Sn-Sb-Te-N, Ag-In-Sb-Te-N, 5A^f ^-Sb-Te-N, 6A^ ^)4i-Sb-Te-N, 5A^ ^-Sb-Se-N, 
6A^ ^-Sb-Se-N It ?A^r ^HJ S>fe 7}<% ±7} ^ ^ . 

[^t 2 -^ 45] 

^ 43 SE^r 44 %H1 SU^I, 

^ 0.25 25 ^7} %S #7l ^s}- #^^ol ^^S)^ 

^ ^±3. f>}±= ^-^Sj- 7)<* ^7> ^ « C V^. 
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